Background: CYP2C19 and CYP3A are the main enzymes involved in omeprazole metabolism, while CYP3A is the principal enzyme family for amlodipine biotransformation. Concomitant use of these drugs in patients with hypertension and acid-related disorders (ARD) might lead to drug-drug interaction. Purpose: The aim of the study was to find if adding omeprazole for treating ARD to amlodipine long-term therapy of hypertension influenced blood pressure of CYP2C19 polymorphism carriers. Patients and methods: Fifty-one patients diagnosed with hypertension and ARD were enrolled in the study. Evaluation of antihypertensive therapy was performed by office (OBPM) and ambulatory (ABPM) blood pressure monitoring. Peripheral venous blood was collected for DNA extraction and real-time polymerase chain reaction was performed for CYP2C19*2 G681A (rs4244285), CYP2C19*3 G636A (rs4986893) and CYP2C19*17 C−806T (rs12248560) polymorphisms analysis.
Introduction
Amlodipine is a dihydropyridine calcium-channel blocker. It blocks the inward movement of calcium by binding to L-type calcium channels in the heart and arteriolar vasculature. This causes vascular smooth muscle to relax, dilating mainly arterioles. 1 Amlodipine is largely metabolized in the liver via the Cytochrome P450 3A4/5. 2, 3 CYP3A4 is the main contributor to amlodipine dehydrogenation. Plasma concentration of this drug depends on metabolic rate which in turn depends on the activity of cytochrome isoenzymes metabolizing the drug. Therefore, changes in CYP3A4 and CYP3A5 activity may lead to changes in the effectiveness and tolerability of amlodipine. 4 Omeprazole is a prodrug which requires activation in the acidic environment of the parietal cells canaliculus, where it is converted to its active form inhibiting the enzyme H + /K + -ATPase (proton pump) irreversibly.
The proton pump controls the last step in acid secretion, and by targeting this step, omeprazole and the other PPIs are able to potently inhibit gastric acid secretion. 5 Omeprazole is metabolized and inactivated in the liver by the cytochrome P450 system. CYP2C19 is the principal isoenzyme involved, although CYP3A4 may also contribute. 6 Omeprazole is metabolized to hydroxysulfone and desmethyl metabolites, which have no effect on gastric acid secretion. Omeprazole is both a substrate and an inhibitor of the above isoenzymes; therefore, its interaction with other substrates of them is possible. 7, 8 In CYP2C19 poor and intermediate metabolizers the CYP3A bypass for omeprazole activates. 9 Omeprazole was found to reversibly inhibit both CYP2C19 and CYP3A4 in vitro. 10, 11 It was also found that in white omeprazole reduced the urinary excretion of dapsone's metabolite mediated by CYP3A and possibly CYP2E1. 12 The other study aimed to evaluate the contribution of omeprazole metabolites to in vivo CYP2C19 and CYP3A4 inhibition. They found that omeprazole metabolite 5′-O-desmethylomeprazole may be responsible for the majority of hepatic CYP3A4 inhibition. 8 Since both amlodipine and omeprazole metabolisms are mediated by CYP3A, especially in CYP2C19 poor (PMs) and intermediate (IMs) metabolizers for omeprazole, we could predict the presence of drug-drug interactions in co-administration of these drugs. As PMs are rare among Caucasians, the group of IMs may represent data of patients with CYP2C19 reduced activity and low biotransformation of omeprazole. 13 The aim of the study was to find if adding omeprazole for treating ARD to amlodipine long-term therapy of hypertension influenced blood pressure of CYP2C19 polymorphism carriers.
Materials And Methods

Study Design And Patients
A total of 51 patients (17 men, 34 women; mean age 66.6 ±9.8 years, age range 37-88 years) diagnosed with hypertension and acid-related disorders (ARD) were enrolled in the study in the period from January to December 2017. The inclusion criteria were: long-term 10 mg of amlodipine intake for treating hypertension together with the indications for 20 mg omeprazole assignment for treating ARD for a least 2 weeks. The exclusion criteria were: age under 18 years, severe hypertension (a systolic blood pressure of ≥180 mm Hg or a diastolic blood pressure of ≥110 mm Hg), a history of acute cerebrovascular accident or transient ischemic attack; severe heart rhythm and conduction disorders; chronic heart failure; chronic liver, kidney or adrenal gland diseases; a need for drug therapy for comorbidities; acute peptic ulcer (since standard therapy includes antibacterial drugs metabolized by cytochrome 3A4, which may affect the results of the study). The patients enrolled received only amlodipine and omeprazole with no other drugs during the period of study. The patients were already treated with 10 mg of amlodipine and were newly assigned for 20 mg of omeprazole. Blood pressure data were collected in patients already taking amlodipine therapy (baseline) and after 2 weeks of combined therapy of 10 mg of amlodipine and 20 mg omeprazole (endpoint).
All patients underwent physical examination, standard laboratory and instrumental examination including 12-lead ECG and 24-h ambulatory blood pressure monitoring (ABPM).
The study was conducted in accordance with the Declaration of Helsinki and was approved by the local Ethics Committee of First Moscow State Medical University (Sechenov University). Written informed consent was obtained from all participants before entering the study.
Methods For Evaluating The Antihypertensive Efficacy Of Amlodipine
Evaluation of antihypertensive therapy was performed by two methods: office (OBPM) and ambulatory blood pressure monitoring (ABPM). OBPM was performed at each visit, ABPM twice: before and 2 weeks after the beginning of combination therapy of amlodipine and omeprazole.
OBPM was performed at each site in a sitting position 15 mins after the rest by the auscultatory method using a double measurement of BP with an interval of 3 mins with the average value calculation.
ABPM was carried out using the software-hardware complex "BPLab" within 24 hrs. The complex provides measurement of BP by oscillometric and auscultatory methods. Measurement of BP was recorded from 8:00 to 23:00 hrs (daytime) and from 23:00 to 8:00 hrs (nighttime). The intervals between measurements were 15 mins during the day and 30 mins during the night. All patients kept a diary of selfobservation and recorded their physical activity.
The ABPM data were analyzed in case of 85% or more successful measurements per day. The average systolic and diastolic BP were estimated per 24 hrs, daytime and nighttime.
The following indicators were considered normal:
• average 24 hrs BP <130/80 mmHg, average daytime BP <135/85 mmHg, average nighttime BP <120/70 mmHg; • variability in daytime average systolic and diastolic BP <15.5 mmHg and <13.3 mmHg, respectively; nighttime average systolic and diastolic BP <14.8 mmHg and <11.3 mm Hg, respectively; • the degree of nocturnal BP dipping -10-22%;
• the rate of morning increase in BP -less than 10 mmHg/hour.
The risk of amlodipine adverse drug reactions (ADR) was assessed by the results of tolerability in accordance with the following criteria:
• excellent -absence of ADR;
• satisfactory -ADR which required a dose adjustment of the drug; • unsatisfactory -ADR which led to the discontinuation of the drug.
The electrical activity of the heart was recorded using a certified Heart Mirror electrocardiograph (Innomed, Hungary) in 12-lead ECG at a speed of 25 mm/s and a gain setting of 1 mV/cm. Heart rate was estimated by calculating RR interval in the second standard lead.
Genotyping
Peripheral venous blood (9 mL) of patients was collected in K3-EDTA (ethylenediaminetetraacetic acid) vacuum tubes for DNA extraction from whole blood samples. The DNA extraction process was carried out using the standard phenol method with protein kinase K using DNA-EXTRAN-1 equipment (Syntol, Russia). Genotyping was performed by PCR-RFLP (polymerase chain reaction and restriction fragment length polymorphism) method. 
For genotyping, equipment was used:
• real-time PCR instrument • microcentrifuge • 1.5 mL tubes • 10 and 100 μL micropipettes • 0.2 μL PCR tubes For PCR amplification reagents (2.5 x Reaction mixture, 2.5 x Diluent and Taq-polymerase) were mixed with the calculation based on the number of samples tested plus 4 (one negative and three positive control samples).
• filter pipette tips «SNP-screen» kit (Synthol, Russia) was used to determine single nucleotide polymorphisms (SNPs) rs4244285 (G681A, *2), rs4986893 (G636A, *3), rs12248560 (C806T, *17) of the CYP2C19 gene. In every «SNP-screen» kit, two allele-specific hybridizations were used, which allowed the determination of two alleles of the studied polymorphism separately on two fluorescence channels. According to the results of genotyping, the following genotypes of SNPs rs4244285 (G681A, *2), rs4986893 (G636A, *3), rs12248560 (C806T, *17) of the CYP2C19 gene were obtained, which showed that three genotypes may be distinguished: 
Assay
To determine the level of endogenous compounds a portion of the morning urine was used since the concentration of cortisol reaches its maximum value in the morning. A solvent extraction method was used for isolating steroids.
To analyze the effect of pharmacotherapy on the activity of CYP3A4, the urine of the patients was taken twice: before entering the study and after two weeks of treatment.
2 mL of urine was extracted with 4 mL of ethyl acetate/isopranolol (85:15). After orbital mixing for 10 min and centrifuging at 3000 × g for 5 min, the upper organic layer was separated. The layers were combined and evaporated in a vacuum evaporator.
Phenotyping
Cortisol and 6β-hydroxycortisol concentrations in urine were measured using Agilent G1978B Multimode Source for 6410 Triple Quade LC/MS (Agilent Technologies, Inc., USA) high-performance liquid chromatography with mass spectrometry. The isolation of the drug and its metabolite was performed on Waters Symmetry C18 Column (150 mm×4.6 mm; 5.0 μm). The column temperature was maintained at 35°C. UV-detector wavelength was set at 246 nm. The mobile phase contained 55% water formic acid solution (1 L of water:1 mL of formic acid) and 45% acetonitrile. The flow rate was 0.5 mL/min. Volumes of 10 μL were injected. The mass spectrometer was operated using the following conditions: positive polarity, MM-ES +APCI ionization.
The results were evaluated by the 6-β-hydroxycortisol/ cortisol ratio (6 beta-OHC/C). The higher the urine metabolic ratio 6β-hydroxycortisol/cortisol, the higher the activity of CYP3A.
Statistical Analysis
The statistical analysis was performed using SPSS Statistics 22. The p-values <0.05 were considered statistically significant. To evaluate the deviation of genotype frequencies in the studied population from HardyWeinberg equilibrium, Fisher's exact test was used. To evaluate continuous variables, the number of cases, the mean (M), the standard deviation (m), the minimum, the maximum, the median (Me) and quartiles were indicated. To compare two quantitative variables, the Student's t-test and the Mann-Whitney test (U-test) were used. To compare three or more groups of quantitative data KruskalWallis H-test has been used. To identify the relationship between the quantitative indicators in the groups, the nonparametric Spearman's method was used.
Results
CYP2C19 Genotyping Results
Of the 51 patients, there were 21 (41.2%) extensive metabolizers (EMs; CYP2C19 *1/*1), 18 (35.3%) ultrarapid metabolizers (UMs; CYP2C19 *1/*17, CYP2C19 *17/*17) and 12 (23.5%) intermediate metabolizers (IMs; CYP2C19 *1/ *2, CYP2C19 *2/*17, CYP2C19 *1/*3) ( Table 1) .
Patients were defined as EMs, UMs and IMs according to the guidelines of the Dutch Pharmacogenetics Working Group the Royal Dutch Pharmacists Association. 14 The observed genotype frequencies were in HardyWeinberg equilibrium, p>0.05 (CYP2C19*2: χ2 = 0.74, р = 0.69; CYP2C19*17: χ2 = 0.02, р = 0.99).
The allele frequencies were as follows: CYP2C19*2 -10.8%, CYP2C19*17 -23.5%, CYP2C19*3 -0.98% (Figure 1 ). The effect of combined omeprazole and amlodipine pharmacotherapy in patients with grade 1-2 hypertension and ARD on CYP3A4 activity was evaluated using a noninvasive method by estimation of the 6β-hydroxycortisol/ cortisol ratio (6 beta-OHC/C) in the urine. Before the treatment, the mean 6β-hydroxycortisol/cortisol ratio in the average group of patients with hypertension and ARD was 1 6-β-Hydroxycortisol/Cortisol Ratio (6 Beta-OHC/C) In Patients With CYP2C19 Genotypes During Omeprazole And Amlodipine Co-Administration Analysis of the omeprazole and amlodipine co-administration effect on CYP3A4 activity in patients with grade I-II hypertension and different CYP2C19 metabolic status showed that CYP3A4 activity decreased in all the analyzed groups.
A higher decrease in the 6β-hydroxycortisol/cortisol ratio was found in IMs compared to EMs and UMs and the mean value among all the examined patients ( Figure 2 (Figure 3 ). The analysis of office heart rate measurement results did not demonstrate significant changes during the therapy.
The analysis of the OBPM results revealed that IMs showed a significantly more pronounced antihypertensive effect compared to the one in EMs, UMs and the average value for all the patients on the following parameters: the average SBP (p = 0.04), the dynamics of the average SBP (p = 0.04; p = 0.03, p = 0.04, respectively). IMs also showed a significantly more pronounced antihypertensive effect on DBP compared to the one in UMs and the average value for all the patients (p = 0.03, p = 0.04, respectively).
ABPM results in patients taking a combination of amlodipine and omeprazole with different metabolic status showed that dynamics of the average 24 hr SBP in IMs was 14 (Figure 4) . Antihypertensive effect was significantly more pronounced in IMs compared to UMs by the average nocturnal DBP (p = 0.04) and the dynamics of nocturnal DBP (p = 0.04).
Discussion
CYP2C19 and CYP3A are the main enzymes involved in omeprazole metabolism, while CYP3A is the principal enzyme family for amlodipine biotransformation. Concomitant use of these drugs in patients with hypertension and ARD might lead to variability of response to one of the drugs, particularly, in patients with CYP2C19 reduced activity.
Studies showed that such drug-drug interaction might occur in drugs, substrates of CYP2C19 and CYP3A enzymes. Concomitant use of clopidogrel, which converts to its active metabolite via CYP2C19 and also CYP3A, and amlodipine, might lead to poor response to clopidogrel. 15 Dihydropyridine calcium-channel blockers were showed to inhibit the CYP3A4 enzyme, which led to reduced antiplatelet activity of clopidogrel. 16 These findings were translated into conclusions to avoid combination use of clopidogrel and amlodipine. 17 We included 51 patients (17 men, 34 women; mean age 66.6±9.8 years, age range 37-88 years) with longterm 10 mg of amlodipine intake for treating hypertension together with the indications for 20 mg omeprazole assignment for treating ARD. The distribution of CYP2C19 phenotypes based on genotyping among patients was as follows: EMs (CYP2C19*1/*1) -41.1%; IMs (CYP2C19*1/*2, CYP2C19*1/*3, CYP2C19*2/*17, CYP2C19*3/*17) -23.5%; UMs (CYP2C19 *1/*17, CYP2C19*17/*17) -35.3%. The frequency of CYP2C 19*2, CYP2C19*3, CYP2C19*17 alleles in our study reflects the data described for Europeans. 18 The results of OBPM showed that antihypertensive effect was significantly more pronounced in patients with hypertension and ARD in case of a phenotype of IMs compared to the ones with a phenotype of EMs or UMs and the average group value in the following parameters: the average office systolic BP (p = 0.04), the dynamics of the average office systolic BP (p = 0.04; p = 0.03, p = 0.04, respectively). According to the dynamics of diastolic BP, the antihypertensive effect was also significantly higher in IMs than in UMs and the average group value (p = 0.03 and p = 0.04, respectively).
Furthermore, the results of ABPM revealed that there was a significantly more pronounced antihypertensive effect in IMs compared to all other analyzed groups according to the dynamics of both daytime systolic and 24 hr diastolic BP. The average daytime diastolic BP and its dynamics, the average 24 hr systolic BP and its dynamics were higher in IMs compared to EMs and UMs.
So we found that in IMs antihypertensive effect of longterm amlodipine intake was higher than in EMs or UMs when adding omeprazole in patients with hypertension and ARD. This could be explained using the following hypothesis: in CYP2C19 IMs omeprazole biotransformation converts to CYP3A to a higher extent, omeprazole inhibits CYP3A, which leads to amlodipine cumulation and stronger antihypertensive effect compared to CYP2C19 EMs and UMs. This hypothesis needs to be verified in large clinical studies. Analysis of the 6β-hydroxycortisol/cortisol ratio dynamics in patients with grade 1-2 of hypertension showed that there was a decrease in CYP3A4 activity during the combined omeprazole and amlodipine pharmacotherapy in all the analyzed groups. The most pronounced decrease was found in the group of CYP2С19 IMs, which exceeded the group average decrease (p=0.04), the decrease in EMs (p=0.04) and UMs (p=0.03).
This finding also supports our hypothesis about CYP3A omeprazole bypass activation in IMs and possible drug-drug interaction and increase of antihypertensive effect of amlodipine.
Thus, in patients with hypertension and ARD, who need adding omeprazole to long-term amlodipine therapy, genetic testing for CYP2C19 polymorphisms may be useful before drug administration. In order to increase safety of combined pharmacotherapy in patients receiving omeprazole, preference should be given to antihypertensive drugs which are not metabolized by CYP3A4 and do not influence its activity. In outpatient practice for patients with hypertension and ARD taking omeprazole, amlodipine pharmacotherapy should be started with a dose of 5 mg in the absence of the results of pharmacogenetic testing.
Conclusion
Adding omeprazole to long-term amlodipine therapy in patients with hypertension and ARD may lead to a significantly more pronounced antihypertensive effect in patients genotyped CYP2C19 IMs.
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